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(57) ABSTRACT

The invention relates to a valve (1) for mounting to a surface
(2) and for use 1 a flow path, which flows through said
surface (2), for permitting flow 1n said tflow path 1n a first
direction and for preventing flow 1n said flow path 1 a
second direction being opposite to the first direction. The
valve (1) comprises: one or more ports (21) defined by a
plurality of lips (22), wherein each lip (22) 1s resiliently
deformable from a first position, in which the lips (22) are
in contact with one another 1n order to close the respective
port (21), to a second position, 1n which the respective port
(21) 1s opened 1n order to permit flow in the first direction,
and one or more contacting structures (30) arranged to
mechanically contact the surface (2), when the valve 1s
mounted to the surface (2), such that the one or more
contacting structures (30) bias the lips (22) into the first
position.

18 Claims, 4 Drawing Sheets
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1
VALVE

FIELD OF THE INVENTION

The present invention relates to a valve for permitting
flow 1n a tlow path 1n a first direction and for preventing tlow
in said flow path 1n a second direction, which 1s opposite to
the first direction.

TECHNICAL BACKGROUND

A valve according to above-mentioned type may be a
one-way valve, such as a duckbill valve. Such a valve can be
used i many fields, such as automotive, industrial equip-
ment, healthcare, etc. Typically, the valve or duckbill valve
1s an elastically deformable one-way valve for fluids, which
comprises resiliently deformable lips for forming a port, e.g.
in the form of one slit. The valve 1s normally biased towards
a closed position, keeping the deformable lips 1to or in the
closed position while the valve 1s 1n an 1dle state. When a
pressure 1s applied to an inlet side of the valve, or when a
mechanical mean pushes against the valve’s lips from the
inlet side, the resilient lips move apart and the port is
opened, allowing the passage of the fluid 1n the first direc-
tion. When a pressure 1s not applied at the inlet side, or when
a pressure at an outlet side 1s greater than a pressure at the
inlet side, 1.e. when a pressure 1s applied to the outlet side,
the port 1s closed due to the elasticity of the deformable hps
that are forced back into their closed position by spring
forces or restoring forces due to the resiliency of the
deformable lips material. Consequently, the valve prevents
that a fluud can flow in the second direction, which 1s
opposite to the first direction.

The valve may be also a type of valve similar to the
duckbill valve, e.g. named cross-slit valve. The cross-slit
valve typically comprises a pair of intersecting duckbill-like
structures oriented perpendicular to each other. Cross-slit
valves are sometimes named as double duckbill valve, for
example 1n U.S. Pat. No. 7,037,303 B2.

The valve may have the shape comprising multiple duck-
bill-like structure, for example named cuspic valve.
Examples of such valves, 1.e. duckbill valve, double duckbill
valve, cross-slit valve and cuspic valve, are disclosed in
EP0863343B1.

In the context of this invention, the term “valve” 1s used
to include, in particular, all these kinds of wvalves, 1.c.
duckbill valve, double duckbill valve, cross-slit valve and
cuspic valve.

A common flaw of the above-mentioned valve 1s the
tendency, over time, to lose the biasing to the closed position
that 1s essential for preventing tluid leakage, in particular for
preventing a tlow of liquid 1n the second direction. In fact,
the resilient force that keeps the lips of the valve touching or
contacting each other 1s quite weak and can become weaker
due to ageing or wear. The result 1s that the valve becomes
leaky, since the lips tend to remain open.

For overcoming this drawback when such valves are
mounted 1n pipes or 1n a housing, an additional three may be
applied to the side of the valve 1 a direction perpendicular
or oblique 1n respect of the flow path. The lips of the valve
can thus be kept touching each other, as proposed, for
example, mn U.S. Pat. Nos. 5,010,925 A, 4,535,819 A,
6,092,551 A. However, for keeping the valve biased 1n a
closed position, these solutions require the additional force
(other than the resiliency of the lips) to be substantially
perpendicular to the tlow path. This makes them particularly
unsuitable for being used i a flow path, which flows
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through a surface, such as a flat surface extending perpen-
dicular to the flow path, e.g. of a I1id or any other separating

structure. Namely, applying this additional force requires
this force to be almost parallel to said surface.

Therefore, it 1s an object of the present mvention to
provide a valve, which can eflectively prevent leakage,
when used 1n a flow path, which flows through a surface.

These and other objects, which become apparent upon
reading the following description, are solved by the subject
matter of the independent claims. The dependent claims
refer to preferred embodiments of the imnvention.

SUMMARY OF THE

INVENTION

According to the invention, a valve for mounting to a
surface and for use 1n a flow path, which flows through said
surface, and for permitting flow in said tlow path in a first
direction and for preventing flow 1n said flow path 1 a
second direction being opposite to the first direction, 1s
provided. The valve comprises: one or more ports defined by
a plurality of lips, wherein each lip is resiliently deformable
from a {irst position, in which the lips are 1n contact with one
another 1n order to close the respective port, to a second
position, 1 which the respective port 1s opened in order to
permit flow 1n the first direction, and one or more contacting
structures arranged to mechanically contact the surface,
when the valve 1s mounted to the surface, such that the one
or more contacting structures bias the lips into the first
position.

Typically, a fluid flows along the flow path from an inlet
side of the valve and along the first direction to an outlet side
of the valve. The fluid may be a liquid and/or a gas. The
valve can therefore prevent that the fluid flows from the
outlet side along the second direction to the inlet side. The
contact between the lips 1n the first position 1s to be
understood as a contact, which sealingly closes the respec-
tive port, e.g. by the lips engaging one another, thereby
preventing a tlow 1n the second direction.

When the one or more contacting structures mechanically
contact the surface, the one or more contacting structures
cllect that an additional force i1s effected at the contacting
interface between the lips of the respective port 1n the first
position. The additional force 1s provided 1n addition to the
restoring force at the contacting interface, which 1s efiected
due to the resiliency or elasticity of the lips. Thus, in case
said restoring force of the lips 1s reduced, for example due
to wear, the additional force eflected by the one or more
contacting structures still ensures that 1n the first position the
lips still contact one another in order to close the port.
Thereby leakage of the valve 1s eflectively prevented by the
shape of the valve.

The valve may be designed for being mounted to the
surface being a substantially flat surface. For example, the
surface 1s a surface of a support plate or a separating plate
or a hid. Therefore, the flow path may be substantially
perpendicular to the flat surface, e.g. perpendicular to a
plane, in which the flat surface extends.

The one or more contacting structures may be arranged
such that a force, which acts on the one or more contacting
structures 1n response to the one or more contacting struc-
tures mechanically contacting the surface, 1s substantially
perpendicular to the surface and/or substantially parallel to
the flow path. Therefore, the contacting structures can eflec-
tively bias the lips 1nto the first position, thereby effectively
preventing leakage of the valve. For example, the contacting
structures can be arranged such that the respective force
acting on each of the contacting structures eflects a moment,
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which 1n turn biases the lips into the first position, 1.e. eflects
the additional force at the contacting interface between the
respective lips.

The one or more contacting structures may be arranged to
be displaced upon Mechanically contacting the surface.
During mounting the valve to the surface, said displacement
takes place relative to the surface, e.g. by sliding along the
surface. In the final position of this displacement, each of the
one or more contacting may at least partially extend parallel
to the surface. Thereby, a very simple design 1s provided for
cllectively biasing the lips 1nto the first position. Preferably,
said displacement of the one or more contacting structures 1s
such that, when viewed 1n the direction of the tlow path, the
one or more contacting structures are displaced 1n a direction
substantially perpendicular or oblique with respect to the
respective port and/or lips (which form the respective port).
This orientation of the displacement direction with respect to
the extending direction of the respective port and/or lips, e.g.
a longitudinal extending direction, effectively ensures that
the lips remain i1n contact with one another in the first
position. A displacement direction substantially perpendicu-
lar with respect to the (extending direction of) the respective
port and/or lips 1s particularly advantageous, since then there
1s substantially no directional component of the displace-
ment direction, which 1s parallel to the respective port and/or
lips.

Advantageously, the one or more contacting structures are
arranged around the tlow path, preferably such that the one
or more contacting structures are evenly distributed around
the flow path. Therefore, the additional forces eflected by the
contacting structures can be eflectively accumulated at the
contacting 1interface between the respective lips. For
example, the contacting structures may be arranged such that
two contacting structures are provided on a same straight
line and/or provided for one of the ports, for example such
that, when viewed 1n the direction of the tlow path, this port
1s provided between the respective two contacting struc-
tures. This eflects a particular advantageous additional force
in the contacting interface between the respective lips;
leakage can thus be effectively prevented.

The one or more contacting structures may be resiliently
deformable such that they are deformed upon mechanically
contacting the surface 1n order to bias the lips into the first
position. Thereby, when the contacting structures are resil-
iently deformed, the so eflected restoring force biases the
lips 1nto the first position, and thus biasing the lips into the
first position 1s easily achieved.

At least one, preferably each of the one or more contact-
ing structures 1s a protrusion. Thus, a very simple design for
the one or more contacting structures i1s provided.

The valve may comprise a mounting structure for mount-
ing the valve to the surface. The mounting structure par-
ticularly provides a defined form and/or a suflicient mount-
ing force for ensuring that the valve 1s properly mounted or
fastened to the surface. The mounting structure may extent
in a mounting structure plane. For example, a force efiected
by the mounting structure for fastening the valve to the
surface may be oriented oblique or perpendicular to the
mounting structure plane. As such, the mounting structure 1s
preferably arranged for mounting the valve to the surface
such that the mounting structure plane extends in the sur-
face. In other words, the mounting structure plane 1s pret-
erably the plane in which the surface 1s supposed to be
placed. As such, the valve can be easily adapted to the
surface.

When the valve 1s not mounted to the surface, the one or
more contacting structures preferably extend beyond the
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mounting structure, for example beyond the mounting struc-
ture plane. This provides contacting structures, which can be
displaced along a relatively long distance, when being
mounted to the surface, thereby eflectively biasing the lips
into the first position.

The valve, preferably the mounting structure, may com-
prise a groove for receiving a side edge of the surface. The
groove may be a circumierential groove, e€.g. 1n the form of
a closed ring. For example, the groove 1s smaller than the
thickness of the surface such that by arranging the surface
and/or the side edge 1n the groove, the groove 1s widened,
thereby eflecting a fastening force for mounting the valve to
the surface. Additionally or alternatively, the valve, prefer-
ably the mounting structure, may comprise a flange designed
to be brought into preferably planar contact with the surface
when the valve 1s mounted to the surface.

The valve may comprise a sealing element for sealing an
interface between the valve and the surface. This interface
may be formed between the side edge of the surface and the
valve. As such, 1t can be eflectively prevented that a fluid
flows from the outlet side of the valve via the interface
between the valve and the surface, e.g. a gap between the
valve on the one side and the surface and/or the side edge of
the surface on the other side, to the inlet side of the
valve—and vice versa.

The sealing element may be separately or integrally
formed with the valve. Preferably, the mounting structure,
¢.g. the groove and/or the flange, comprises the sealing
clement.

The valve may be made of a deformable and/or elastic
material, such as rubber or silicone, preferably Ethylene-
Propylene Diene Monomer (EPDM), and/or a fluoroelasto-
meric material such as FPM (FKM) and/or FFPM (FFKM).

At least one and pretferably each of the one or more ports
may have a substantially elongate or slit-like form, 1.e. may
extend 1n substantially only one direction. In other words,
when viewed 1n the direction of the flow path, each of the
lips may have 1n the first position a substantially straight
form for accordingly forming the substantially elongate or
slit-like form of the respective port. This provides for a very
simple design of the ports.

The ports may intersect one another and/or may be
arranged 1n a substantially cross-like or star-like manner. In
other words, in contrast to an embodiment 1n which the ports
are mndependently provided to one another, the ports may
thus form a single port of the valve, 1.¢. one port of the valve
1s defined by a plurality (e.g. two) pairs of lips. For example,
the valve may comprise a pair of ports, which are accord-
ingly arranged and/or intersect one another.

The valve may be a duckbill valve, a double duckbaill
valve, a cross-slit valve and/or a cuspic valve.

According to a further aspect of the invention, a support-
ing structure, such as a lid, 1s provided. The supporting
structure comprises a surtace, and a valve as described
herein above. The valve 1s mounted to the surface for being
used 1n the flow path, which flows through said surface,
wherein the one or more contacting structures of the valve
mechanically contact the surface such that the one or more
contacting structures bias the lips into the first position.

The above-mentioned advantages with respect to the
valve apply likewise to the supporting structure. For
example, the supporting structure may be provided mside of
a housing and/or a pipe, such that the flow path tlows
through the surface of the supporting structure. The sup-
porting structure may be a lid, which i1s attached to a
container body for—preferably sealingly—closing this con-
tainer body.
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BRIEF DESCRIPTIONS OF THE

DRAWINGS

In the following, the invention i1s described exemplarily
with reference to the enclosed figures, 1n which

FIG. 1 1s a schematic perspective view of a valve accord-
ing to a preferred embodiment of the mnvention, wherein the
valve 1s viewed from above, 1.e. viewed on an inlet side of
the valve:

FI1G. 2 1s a schematic perspective view of the valve shown
in FIG. 1, wherein the valve 1s viewed from below, 1.e.
viewed on an outlet side of the valve;

FIG. 3 1s a schematic top view of the valve shown in
FIGS. 1 and 2;

FIG. 4 1s a schematic cross-sectional view of the valve
shown 1n FIGS. 1-3, taken along the line B-B of FIG. 3;

FIG. 5 1s a schematic cross-sectional view of the valve
shown 1n FIGS. 1-4, taken along the line A-A of FIG. 3;

FIG. 6 1s a schematic cross-sectional view of the valve
shown 1n FIGS. 1-5, wherein the valve 1s mounted to a
surface such as of a lid;

FIG. 7 1s a schematic cross-sectional view of the valve
shown 1n FIGS. 1-5, wherein the valve 1s mounted to a
surface mside of a housing; and

FIG. 8 1s a schematic perspective view of an alternative
embodiment of the wvalve according to the invention,
wherein the valve 1s viewed from below, 1.e. viewed on an
outlet side of the valve.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1-5 exemplarily show a valve 1 according to a
preferred embodiment. In FIGS. 1-5, the valve 1 1s 1n a
non-mounted state. FIGS. 6 and 7 show examples, in which
the valve 1 1s mounted to a surface 2. In FIGS. 6 and 7, the
valve 1 1s thus 1n a mounted state.

As shown i FIGS. 6 and 7, the valve 1 1s 1n general
suitable for being mounted to or assembled with a surface 2,
through which a flow path 3 flows. The flow path 3 may be
defined by the valve 1. For example, the flow path 3 may be
flush with an axis of the valve 1, such as the symmetrical
axis of the valve 1. The surface 2 may comprise a through
hole 4, which facilitates that the flow path 3 can flow through
the surface 2. The through hole 4 1s typically defined or
delimited by a circumierential side edge of the surface 2. For
example, the through hole 4 may have a substantially round
form. In other examples, the through hole 4 may also have
different forms, e.g. an elliptical, a polygonal, or a rectan-
gular form.

The surface 2 may be a substantially flat surface. For
example, the flat surface may be a section of a surface,
which 1s not entirely flat. The surface 2 may be a surface of
a lid 5, as shown 1n FIG. 6. As shown 1n FIG. 7, the surface
2 may be also provided inside of a housing or pipe. As such,
the surface 2 may be the surface of a support and/or
separating plate 6 and/or any other structure. The separating
plate 6 may separate a first room from a second room of the
housing or pipe. The flow path 3 1s typically substantially
perpendicular to the (flat) surface 2, 1.e. perpendicular to a
plane, mn which the (flat) surface 2 extends. In other
examples, the flow path 3 may be also onentated oblique
with respect to the (flat) surface, however in any case not
parallel to said surface 2.

In general, the valve 1 1s provided for permitting a flow
in the tlow path 3 1n a first direction and for preventing tlow
in said tlow path 3 1n a second direction, which 1s opposite
to the first direction. The valve 1 therefore comprises an nlet
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6

side 11 and an outlet side 12. The first direction 1s then from
the inlet side 11 to the outlet side 12, whereas the second
direction 1s from the outlet side 12 to the inlet side 11. The
first and second direction are therefore defined by and/or
parallel to the flow path 3. The fluid, which flows along the
flow path 3 1s typically a liquid or gas. The valve 1 therefore
facilitates that the fluid 1s prevented from flowing from the
outlet side 12 to the inlet side 11. Thus, the valve 1 prevents
leaking of the fluid. For example, the valve 1 can prevent
that toxic gases flow from the outlet side 12 to the inlet side
11; on the inlet side 11 a human may be present, thereby
cllectively preventing that the human inhales these toxic
gases. The valve 1 1s therefore provided for only permitting
flow 1n the first direction, thereby providing the function of
a one-way valve.

As apparent from FIGS. 4-6, the valve 1 may comprise a
mounting structure 13 for mounting the valve 1 to the
surface 2. The mounting structure 13 may be designed to
mount the valve 1 to the surface 2 by way of a frictional
connection and/or a form {fit between the valve 1 and the
surface 2. The mounting structure 13 may be designed so as
to provide a form and/or a suflicient mounting or fastening
force, e.g. a Irictional force, for mounting (or attaching or
fastening) the valve 1 to the surface 2. For example, the
mounting structure 13 may be designed such that the mount-
ing structure 13 can be brought in a state corresponding to
the surface 2 the structure comprising the surface 2, wherein
by this corresponding state the mounting force 1s effected,
¢.g. since the mounting structure 13 1s resiliently deformed
due to corresponding to the surface 2.

The mounting structure 13 i1s preferably arranged or
designed to comprise a mounting structure plane. The
mounting structure plane i1s a plane, 1n which the mounting
structure 13 extends in order to mount the valve 1 to the
surface 2. Therefore, by the design of the mounting structure
13, the mounting structure plane then extends parallel to or
in the surface 2. For example, the mounting structure 13
comprises a groove 14 for receiving a side edge of the
surface 2, which side edge may define the through hole 4.
The groove 14 may be a circumierential groove and/or
extend 1n the mounting structure plane. Preferably, the
groove 14 only extends 1n the mounting structure plane. By
receiving the side edge of the surface 2 by the groove 14, the
groove widens and thereby a restoring force 1s ellected,
which acts on the surface 2 and/or the structure of the
surtace 2 1n order to mount the valve 1 to the surface 2.
Theretore, the groove 14 preferably has a width, which 1n
the non-mounted state 1s less than the thickness of the
surface 2, 1.e. of the structure which comprises the surface
2.

The mounting structure 13 or the valve 1 may comprise a
(mounting) flange 15. The flange 15 may be provided such
that the flange 15 can be brought with 1ts (planar) side into
a preferably planar contact with the structure, which com-
prises the surface 2. This (planar) side of the flange 15
preferably contacts a surface of the structure, which 1s
opposite to the surface 2. The flange 15 may also eflect or
aid 1n mounting the valve 12 to the surface 2. For example
the flange 15 extents circumierentially around the flow path
3 and/or 1s substantially parallel to the mounting structure
plane and/or surface 2. The flange 15 1s preferably provided
on the inlet side 11 of the valve 1, when the valve 1 1s
mounted to the surface 2.

The valve 1 may comprise a sealing element for sealing
an interface between the valve 1 and the surface 2. As such,
the sealing element may sealingly engage the structure,
which comprises the surface 2, for sealing said interface.
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That 1s, between the valve 1 and the surface 2 or the side
edge of the surface 2, there may be still a small gap, whereas
the sealing element {ills this gap and therefore effects that the
fluid cannot flow through this gap. The mounting structure
13 may comprise the sealing element. The sealing element 5
may be separately provided with the valve 1. The sealing
clement may be also integrally formed with the valve 1, for
example integrally formed with the mounting structure 13,
the groove 14, and/or the flange 15. The sealing element may
be 1n the form of an O-ring. Additionally or alternatively, the 10
sealing element may have the form of a lip and/or may be
made of a paste (e.g. a sealing paste) and/or may be made by
heat sealing. The sealing element 1s preferably made of an
clastically deformable material, which can aflect the
required sealing force in order to eilect the sealing. 15

The valve 1 comprises one or more ports 21. In the
preferred embodiment shown in the figures, the valve 1
comprises only two ports 21. In general, the valve 1 1s not
limited to a specific number of ports. In other examples, the
valve 1 may also comprise only one port 21 or more than two 20
ports. In the following, one of the ports 21 1s described. It 1s
to be understood that this description applies likewise to
cach of the ports 21.

The port 21 1s defined by a plurality of lips 22. In the
example shown 1n the figures, the port 21 1s defined by only 25
two lips 22. Each of the lips 22 1s resiliently deformable
from a first position to a second position. The first position,
which 1s a closed position, 1s exemplarily shown 1in the
figures. In the first position, the valve 1 1s 1n an 1dle state, 1.e.

a fluid 1s not flowing from the 1nlet side 11 to the outlet side 30
12 by way of the first direction. As apparent from the figures,

in particular from FIG. 2, in the first position the lips 22 are

in contact with one another 1n order to close the respective
port 21. This contact 1s preferably a contact, according to
which the lips 22 are engaged with each other. Thus, the lips 35
22 defining a respective port 21 are provided adjacent each
other, both 1n the first and the second position. In the first
position, a force, which 1s a restoring force of the resiliently
deformable lips, eflects that the lips 21 contact each other so
that a fluid cannot flow through the contacting interface 40
between these lips 22. Thus, the lips 22, 1.e. the contacting,
interface between the lips 22, define a substantially elongate

or slit-like form of the port 21 in the first position. As
apparent from FIG. 2, the port 21 may thus have the form of

a substantially straight line or slit, when viewed 1n a top view 45
from below, 1.e. when viewed 1n the second direction.

In the second position, which 1s an opened position of the
port 21, the lips 22 are resiliently deformed, thereby opening,
the port 22 and permitting flow 1n the first direction. The
resilient deformation of the lips 22 1n order to open the port 50
21 may be eflected by a pressure on the inlet side 11, which
1s greater than the pressure on the outlet side 12. This
pressure gradient thereby eflects that the fluid can flow from
the inlet side 11 to the outlet side 12, which 1s the first
direction. The resilient deformation of the lips 22 may be 55
also effected by exerting an external force on the lips 22,
which 1s not due to a pressure gradient, but, for example, due
to a mechanical mean acting on the lips 22 (e.g. a control
clement being controlled by a (electronic) control unit). In
the second position, the lips 22 are at least partially not in 60
contact with one another. That 1s, the lips 22 may still
partially contact each other at a contacting interface,
whereas the lips 21 are partially distanced from one another
in order to open the port for allowing the tlow in the first
direction. 65

The lips 22 are not limited to a specific structure as long
as they can be (resiliently) moved between the first and the
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second direction. As exemplarily shown 1n the figures, each
of the lips 22 may extend from the inlet side 11 to the outlet
side 12. For example, each of the lips 22 may extend such
that a bulge 1s formed, which bulge preferably bulges from
the outlet side 12 to the 1nlet side 11. Thus, when viewed 1n
a cross-sectional view, each of the lips 22 may extend 1n an
arcuate mannetr.

As explained above, the preferred embodiment shown 1n
the figures 1s a valve 1 comprises two ports 21. In general,
these ports 21 are not limited to be arranged in a specific
manner. A preferred manner of arranging the ports 21 1s
shown 1n the figures. As apparent from the figures, the ports
21 may be arranged such that the ports 21 intersect one
another, thereby resulting 1n an arrangement according to a
cross-like or star-like manner. The cross-like or star-like
manner form of the arrangement of the ports 21 may be
defined by each port 21 having a substantially straight
clongate or slit-like form. The cross-like or star-like arrange-
ment may be also defined by the ports 21 converging in a
center of the cross-like or star-like arrangement. By the
plurality of ports 21 (here: two) intersecting one another or
converging at the center, the ports 21 therefore form a single
port of the valve 1. The valve 1 may be a duckbill valve,
which duckbill form may be formed by the one or more ports
21. For example, the valve 1 1s a single duckbaill valve, which
1s formed by only one port 21. The valve 1 may also be a
double duckbill valve and/or a cross-slit valve. The double
duckbill or cross-slit form may be defined by the ports 21
intersecting each other. The valve 1 may also be a cuspic
(cuspid) valve. The cuspic form may be defined by accord-
ingly arranging the ports 21 in a star-like manner, for
example such that the angle between neighboring ports 21 1s
substantially identical and/or such that the ports 21 (e.g.
three ports) converge at the center of the arrangement of the
star-like arrangement.

The valve 1 further comprises one or more contacting
structures 30. As apparent from the figures, the valve accord-
ing to the preferred embodiment comprises only four con-
tacting structures 30. The invention, however, 1s not
restricted to a particular number of contacting structures 30.
For example, the valve 1 may comprise a single contacting
structure 30 or only two or three contacting structures 30. As
particularly apparent from FIGS. 6 and 7, each of the
contacting structures 30 1s arranged to intertere with and
thus mechanically contact the surface 2, when the valve 1 1s
mounted to the surface 2. A “mechanical contact” 1s to be
understood as a direct contact between the surface 2 and the
respective contacting structure 30. The surface 2 may be
provided on the outlet side 12 of the valve 1 so that each of
the contacting structures 30 mechanically contact the surface
2 on the outlet side 12. However, the surface 2 maybe also
provided on the ilet side 11 of the valve 1 so that each of
the contacting structures 30 contact the surface 2 on the inlet
side 11 of the valve 1. As apparent from FIGS. 6 and 7, the
surface 2 and/or the structure comprising the surface 2 may
be sandwiched between the flange 15 and the contacting
structures 30. The contacting structures 30 do not need to be
designed such that they provide a force and/or form 1n order
to aid mounting the valve 1 to the surface 2.

Each of the contacting structures 30 1s arranged so that,
when the valve 1 1s mounted to the surface 2, the mechanical
contact of the respective contacting structure 30 with the
surface 2 eflects that the contacting structures 30 biases the
lips 22 into the first position. Therefore, 1n the first position,
not only the restoring force of the resiliently deformable lips
22 eflects a force for contacting the lips 22 with one another
in order to close the respective port 21 1n the first position,
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but also the contacting structures 30 provide an additional
force so that the lips 22 are 1n contact with one another 1n
order to close the respective port 21; this additional force
acts, 1 particular, at the contacting interface between the
lips 22, thereby also bringing the lips 22 1n contact with one
another. Therefore, even 1f the restoring force of the resil-
iently deformable lips 22 1s reduced, e.g. due to wear, the
additional force effected by the contacting structures 20 still
brings the lips 22 in contact with one another to close the
port. Leakage by way of the ports 21 1n the first position or
the 1dle state of the valve 1, e.g. due to wear, 1s therefore
cllectively prevented.

For example, and as apparent from FIG. 6, each of the
contacting structures 30 may be arranged such that, when the
valve 1 1s mounted to the surface 2, each of the contacting
structures 30 1s pushed against the surface 2. According to
this arrangement, a force 31, which acts on the respective
contacting structure 30 in response to the respective con-
tacting structure 30 mechanically contacting, 1.e. pushing the
surface 2, 1s effected, which 1s substantially perpendicular to
the surface 2 and/or substantially parallel to the tlow path 3.
The force 31 1s then used for biasing the lips 22 into the first
position. For example, each of the contacting structures 30
may be arranged such that the respective force 31 acting on
the respective contacting structure 30 eflects a (mechanical)
moment 32 so that this moment 32 in turn effects a closing,
force 33, which biases the lips 22 mto the first position. As
such, the additional force at the contacting interface between
the lips 22 corresponds to the force 33. The moment 32
particularly depends, amongst others, on the distance
between the respective contacting structure 30, on which the
torce 30 acts, and the position of the valve 1 or the mounting
structure 13, which mounts the valve 1 to the surface 2.
Thereby, by having a distance between the force 31 acting
on the respective contacting structure 30 and the mounting
structure 13, a particular advantageous biasing of the lips 22
into the first position can be effected.

As apparent from the examples shown 1n FIGS. 6 and 7,
the contacting structures 30 are arranged to be displaced
upon mechanically contacting the surface. In these
examples, the contacting structures 30 are displaced 1n a
direction away from the mounting structure 13, which 1n
FIGS. 6 and 7 1s a direction to the left and night, respectively.
As shown 1n FIG. 2, 1t 1s preferred that, when viewed 1n a
direction of the flow path, the contacting structures 30 are
arranged such that the contacting structures 30 are displaced
in a direction substantially perpendicular with respect to at
least one of the ports 21 and/or lips 22. In the example
shown 1n FIG. 2, the displacement direction of two of the
contacting structures 30 1s substantially perpendicular to one
of the ports 21 and the respective lips 22, whereas said
displacement direction 1s substantially parallel to the other
one of the ports 21. The displacement direction bemg
substantially perpendicular to the one of the ports 21, 1.e.
substantially perpendicular with respect to the (longltudl-
nally) extension direction, eflects a particularly advanta-
geous biasing of the respective lips 22 1nto the first position.
Similarly, the displacement direction of further two of the
contacting structures 30 1s substantially perpendicular to the
other one of the ports 21 and the respective lips 22, whereas
said displacement direction 1s thus substantially parallel to
the one of the ports 21. When the contacting structures 30
are 1n the displaced position, as shown in FIGS. 7 and 8, at
least a part of each of the contacting structures 30, for
example at least the distal end part of each of the contacting
structures 30, extends parallel to the surface 2.
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In an alternative embodiment, which 1s exemplarily
shown 1n FIG. 8, the contacting structures 30 may be also
differently arranged, in particular such that each of the
displacement directions of the contacting structures 30 1is
oriented oblique, instead of substantially perpendicular, with
respect to at least one of the ports 21 and/or lips 22. More
specifically, in the embodiment shown 1 FIG. 8, the dis-
placement direction of the two of the contacting structures
30 1s oblique to both the one of the ports 21 (and the
respective lips 22) and the other one of the ports 21 (and the
respective lips). Similarly, the dlsplacemen‘[ direction of the
turther two of the contacting structures 30 1s oblique to both
the one of the ports 21 (and the respective lips 22) and the
other one of the ports 21 (and the respective lips).

The contacting structures 30 may be arranged around the
flow path 3 and/or the axis or symmetrical axis of the valve
1. For example, the contacting structures 30 may be
arranged such that the contacting structures 30 are evenly
distributed around the flow path 3 and/or the (symmetrical)
axis of the valve 1. For example, the contacting structures 30
may be arranged such that each of the ports 21 has a
respective (dedicated) number of contacting structures 30,
for example a pair of contacting structures 30, as shown 1n
the figures. The contacting structures 30 of this pair may be
provided opposite to one another (with the axis of the valve
1 being between these contacting structures) and/or on the
same straight-line, as shown, i1n particular, in FIG. 6. As
such, both of these contacting structures 30 bias the lips 22
of the corresponding one of the ports 21 into the first
position. In other words, the additional forces effected by the
contacting structures 30 provided for a particular port 21 are
all accumulated at the contacting interface between the lips
22 of this port 21. Thus, a particularly advantageous con-
tacting of these lips 22 with one another 1n order to close the
respective port 21 1s achieved.

The contacting structures 30 are not limited to a particular
structure as long as the contacting structures 30 can facilitate
a mechanical contact with the surface 2 1n order to bias the
lips 22 into the first position. In the preferred embodiment
shown 1n the figures, 1n particular as apparent from FIGS. 6
and 7, the contacting structures 30 are resiliently deform-
able. As such, the contacting structures 30 are deformed
upon mechanically contacting the surface 2 1n order to bias
the lips 22 into the first position. The deformation of the
contacting structures 30 thus eflects a restoring force, which
acts on the respective contacting structure 30. This restoring
force then corresponds to the force 31. By having the
contacting structures 30 being resiliently deformable, the
biasing of the lips 22 into the first position can thus be easily
achieved.

As exemplarily shown 1n the figures, each of the contact-
ing structures 30 may be provided as a protrusion or a pin.
The extending direction of each of the protrusions or pins or
contacting structures 30 1s, in the non-mounted state of the
valve 1, preferably substantially parallel to the tlow path 3
and/or (symmetrical) axis of the valve 1. Each of the
contacting structures 30 1s preferably distanced from at least
part of the mounting structure 13, such as the groove 14.
Each of the contacting structures 30 may extend beyond the
mounting structure 13, preferably beyond the mounting
structure plane of the mounting structure 13. Thereby, the
contacting structures 30 can be displaced along a relatively
long way, thereby eflecting a particularly advantageous
biasing of the lips 22 into the first position, while still having
a compact valve 1. The flange 15 may comprise one or more
recesses 16, which are arranged correspondingly to the
arrangement of the contacting structures 30. When the valve
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1 1s in the non-mounted state, each of the contacting
structures 30 may then extent into a corresponding one of the
recesses 16, as apparent from, for example, FIG. 5. Thus, a
very compact design of the valve 1 1s achieved, which
tfurthermore can be easily manufactured, e.g. 1n a molding
pProcess.

Each of the contacting structures 30 may extent from a
respective rib 34. The nb 34 reinforces the connection
between the respective contacting structure 30 and the
respective lip 22 so that the respective contacting structure
30 can eflectively transfer a force and/or moment from the
contacting structure 30 to the respective lips 22 1n order to
bias the lips 22 into the first position. When viewed 1n the
direction of the tlow path 3 or of the (symmetrical) axis of
the valve 1, the extending direction of the rip 34 preferably
corresponds to the displacement direction of the respective
contacting structure 30. The rb 34 may extend from the
conjunction, at which the (pair of) lips 22 of a respective port
21 merge, to the respective contacting structure 30. In the
embodiment shown 1n FIG. 8, each of the ribs 34 preferably
extends between two neighboring ports 21, when viewed
from the outlet side 12 or 1n the second direction.

The valve 1 1s not restricted to a particular material. For
example, the valve 1 1s made of a deformable and/or elastic
material. Preferably, the valve 1 1s made of, rubber or
silicone. The valve 1 may be made of Ethylene-Propylene
Diene Monomer (EPDM), and/or a fluoroelastomeric mate-
rial such as FPM (FKM) and/or FFPM (FFKM). The valve
1 may be composed of multiple parts, which can be provided
separately to one another. Preferably, the valve 1 consists of
only one part, 1.e. has a monolithic structure. For example,
at least the one or more ports 21, defined by the plurality of
lips 22, and the one or more contacting structures 30 are
integrally formed with one another.

It should be clear to a skilled person that the embodiments
shown 1n the figures are only a preferred embodiments, but
that, however, also other designs of a valve can be used.

The 1nvention claimed 1s:

1. A valve (1) for mounting to a surface (2) and for use 1n
a flow path, which flows through said surface (2), for
permitting flow 1n said flow path in a first direction and for
preventing flow 1n said flow path 1n a second direction being
opposite to the first direction, wherein the valve (1) com-
Prises:

one or more ports (21) defined by a plurality of lips (22),

wherein each lip (22) 1s resiliently deformable from a
first position, 1n which the lips (22) are 1n contact with
one another 1n order to close the respective port (21), to
a second position, 1n which the respective port (21) 1s
opened 1n order to permit tlow 1n the first direction, and
one or more contacting structures (30) arranged to
mechanically contact the surface (2), when the valve 1s
mounted to the surface (2), such that the one or more
contacting structures (30) bias the lips (22) into the first
position
wherein the surface (2) 1s a substantially flat surface,
wherein the valve (1) comprises a mounting structure (13)
for mounting the valve (1) to the surface (2),
wherein the one or more contacting structures (30) are
arranged to be displaced 1n a direction away from the
mounting structure (13) upon mechanically contacting
the surface (2), and
wherein the mounting structure (13) comprises a groove
(14) for receiving a side edge (4) of the surface (2).

2. The valve (1) according to claim 1, wherein the surface

(2) 1s a surface of a support plate or a lid (5) or a separating

plate (6).
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3. The valve (1) according to claim 1, wherein the one or
more contacting structures (30) are arranged such that a
force (31), which acts on the one or more contacting
structures (30) 1n response to the one or more contacting
structures (30) mechanically contacting the surface (2), 1s
substantially perpendicular to the surface (2) and/or sub-
stantially parallel to the tlow path.

4. The valve (1) according to claim 1 wherein the one or
more contacting structures (30) are arranged around the flow

path.

5. The valve (1) according to claim 4, wherein the one or
more contacting structures (30) are evenly distributed
around the flow path.

6. The valve (1) according to claim 1, wherein the one or
more contacting structures (30) are resiliently deformable
such that they are deformed upon mechanically contacting
the surface (2) 1n order to bias the lips into the first position.

7. The valve (1) according to claim 1, wherein at least one
of the one or more contacting structures (30) 1s a protrusion.

8. The valve (1) according to claim 1, wherein the valve
(1) comprises a a flange (15) designed to be brought nto
contact with the surface (2) when the valve (1) 1s mounted
to the surface (2).

9. The valve (1) according to claim 8, wherein the valve
(1) comprises a sealing element for sealing an interface
between the valve (1) and the surface (2).

10. The valve (1) according to claim 9, wheremn the
mounting structure (13) comprises the sealing element.

11. The valve (1) according to claim 8, wherein the flange
(15) 1s designed to be brought into planar contact with the
surface (2) when the valve (1) 1s mounted to the surface (2).

12. The valve (1) according to claim 1, wherein the valve
(1) 1s made of a deformable and/or elastic material.

13. The valve (1) according to claim 1, wherein at least
one of the one or more ports (21) has a substantially elongate
or slit-like form, and/or wherein the ports (21) 1ntersect one
another and/or are arranged in a substantially cross-like or
star-like manner.

14. The valve (1) according to claim 1, wherein the valve
(1) 1s a duckbill valve, a double duckbill valve, a cross-slit
valve and/or a cuspic valve.

15. Supporting structure comprising a surtace (2) and a
valve (1) according to claim 1, wherein the valve (1) 1s
mounted to the surface (2) for being used 1n a flow path,
which tlows through said surface (2), wherein the one or
more contacting structures (30) of the valve (1) mechani-
cally contact the surface (2) such that the one or more
contacting structures (30) bias the lips (21) into the first
position.

16. The support structure according to claim 15, wherein
the support structure comprises a lid (5).

17. The valve (1) according to claim 1, wherein the one
or more contacting structures (30) are arranged to be dis-
placed upon mechanically contacting the surface (2) such
that, when viewed in the direction of the tlow path, the one
or more contacting structures (30) are displaced 1n a direc-
tion substantially perpendicular or oblique with respect to at
least one of the ports (21) and/or lips (22).

18. The valve (1) according to claim 1, wherein the
mounting structure (13) 1s arranged for mounting the valve
(1) to the surface (2) such that a mounting structure plane,
in which the mounting structure extends (13), extends 1n the
surface (2), wherein, when the valve (1) 1s not mounted to
the surface (2), the one or more contacting structures (30)
extend beyond the mounting structure plane.

G o e = x
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